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EXPERIMENTAL STUDY OF TRANSITION JUNCTIONS IN ELEVATED STEEL SILOS
Zhao Yang Teng Jinguang
(Zhejiang University) (The Hong Kong Polytechnic University)
Abstract:Large elevated steel silos for the storage of bulk solids generally consist of a cylindrical vessel , a conical discharge
hopper and a skirt.The cone-cylinder-skirt junction is subject to a large circumferential compressive force which is derived
from the horizontal component of the meridional tension in the hopper , so a ring is often provided to strengthen the junction.
The strength of the junction may be limited by plastic collapse of the junction or by elastic or plastic buckling of the ring.In-
ternationally , many theoretical studies have examined the buckling and collapse strengths of these junctions and theoretically
based design proposals have been setablished , but no previous experimental study has been reported.This paper provides a
summary of a major experimental program recently undertaken at The Hong Kong Polytechnic University on the buckling and
collapse of steel silo transition junctions.A sophisticated experimental facility which can be used for buckling experiments on
thin shell structures is first briefly described.Then , typical results of three series of tests on cone-cylinder junctions under in-
ternal pressure , cone-cylinder-skirt junctions under bulk solid loading and cone-cylinder-skirt-ring junctions under bulk solid
loading are reported.
Keywords:steel silos;transition junctions;rings;buckling;experiments
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Fig.1　Elevated steel silo
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Fig.2　Static equilibrium at transition junction
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Fig.3　Failure modes of transition junctions
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Table 1　Overall experimental program and nominal geometries of experimental models
???? ?? R (mm) α(degree) lcyl inder (mm) l skirt (mm) t cylinder (mm) tcone (mm) t skirt (mm) B×T (mm×mm)
?-??? CC-1 500 40 220  1 1   
CC-2 500.5 40 250  2 1   
CC-3 500.5 40 250  2 2   
CC-4 500 40 220  1 1  20×1
??-??-???? CCS-1 500 40 300 200 1 1 1  
CCS-2 500 40 300 200 1 1 2  
CCS-3 500 40 300 200 1 1 2  
CCS-4 500.5 40 300 200 2 2 2  
??-??-?? CCSR-1 500 40 300 200 1 1 1 20×1
-???? CCSR-2 500 40 300 200 1 1 2 30×1
CCSR-3 500 40 300 200 1 1 2 20×2
CCSR-4 500 40 300 200 1 1 2 40×1
CCSR-5 500 40 300 200 1 1 2 30×2
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? 、 ???????? , B ?T ?????????
?? 。? CCS ???????? , ?? CCS-2 ?
CCS-3????????? , ?????????
?????? , ????????????????
??????????。????????????
??????? 、???????????????
?NEPAS[ 10] , ????????????????
??????? 。???????????????
?????????? 、???? 、 ??????
?????????????? , ????????
???? NEPAS ???????。????? , ?
?CCS-4??????????????????。
3　???????
?????????????????????
??? 。?????????????? 1m 。??
?????????????????????? ,
????????????????;?? , ???
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???? (????????? R t)。?????
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??????)?? 。?????????????
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?? 。???????????????? [ 11] 。
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Fig.4　Experimental set-up
4.2　??????????
???????????????????? ,
???????????????????????
????。?? , ????????????? , ?
???????/???????????????
???????。???????????????
??? 、??? 、 ???????????????
??????????? 。???? KEYENCE LC-
2450??????????0.5μm , ???????
0.0001s。?????????????????? ,
???????????????? 。???? , ?
??????????????? , ???????
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Fig.5　Initial shape of model CCSR-1
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Table 2　Material properties of steel plates
???? ?? (mm) ???? (MPa) ???? (MPa)
CCS?? 1 1.96×105 214
2 2.26×105 245
CC?CCSR?? 1 2.04×105 253
2 1.99×105 165
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Fig.6　Pressure-strain curves for cone-cylinder junctions
??? CC-1?CC-2 , ??????????
????????????? (? 6a , 6b), ???
????????????。???? CC-3 , ??
????????????? (? 6c), ?????
??????。????????????????
???? , ??? [ 12] ???? , ? NEPAS ??
???????????????????????
????????????????? 。?? , ??
???????????????????????
? , ????????????? 。???????
?????????? , ????????????
?????????????? , ????????
??? 。?????? , ????????????
????? 、???。
(a)?? CC-1
(b)?? CC-2
(c)?? CC-3
? 7　?????-?????
Fig.7　Postbuckled model cone-cy linder junctions
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Fig.8　Model cone-cylinder-skirt junctions after final failure
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Fig.9　Model cone-cylinder-skirt-ring junctions
after final failure
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Table 3　Experimental collapse and buckling loads
for CCSR models
?? ????(kN) ????(kN) ????
CCSR-1 230 160 35
CCSR-2 410 250 31
CCSR-3 434 340 20
CCSR-4 442 160 29
CCSR-5 477 325 27
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???? 。? CCSR???????? , ?????
???????????????????????
? , ??????????。? 10 ??????
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???????????????????????
????。
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? , ??????? (????)????????
?????????????????。?????
????????????????? , ?????
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Fig.10　Development of deformations on the ring
(Model CCSR-2)
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Fig.11　Fourier decomposition results for imperfections and
deformations on the ring(Model CCSR-2)
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Fig.12　Development for net deformations on the ring
with imperfections and harmonic modes 0 and 1
excluded (Model CCSR-2)
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Fig.13　Load-displacement curves for the
determination of buckling loads
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